Seed of a Mexican semidwarf wheat (Triticum aestivum L. cv. Inia 66), was obtained from a nitrogen fertilizer field trial grown in Mexico. A high positive correlation was obtained between seed protein content and seedling dry weight after 3 weeks growth (r = +0.92**). The seedling dry weight was positively related to the protein content of the aleurone layer and endosperm, but not to the embryo. Small, 35 Studies have shown that seed source, size, and protein content of both monocotyledonous and dicotyledonous species are positively related to early seedling growth and sometimes to economic yield (5, 9, 10, 14-16). In wheat, seed size affects seedling vigor, particularly when plants are grown under nonstressing conditions. Some field studies using high plant densities have shown similar results (3).
vigorous seedlings regardless of the embryo type grown on it, indicating that the factor(s) responsible for the greater growth of high protein seed is in the endosperm.
Studies have shown that seed source, size, and protein content of both monocotyledonous and dicotyledonous species are positively related to early seedling growth and sometimes to economic yield (5, 9, 10, (14) (15) (16) . In wheat, seed size affects seedling vigor, particularly when plants are grown under nonstressing conditions. Some field studies using high plant densities have shown similar results (3) .
McFadden (13) suggested that the chemical composition of seed can be an important factor in determining seedling vigor when seeds of the same cultivar are obtained from different sources. Other studies have shown high positive correlations between both seed protein and its constituent amino acids, and seedling dry weight during the first 3 weeks of development (11, 12) . Factors other than protein content of the seed have also been shown to be related to seedling vigor (1, 2) . However, this research was conducted with aging seed. As intact cereal grains age they lose their ability to metabolize glucose into CO2, polysaccarides, and proteins (1) . Anderson and Abdul-Baki (2) showed that changes in respiration and glucose utilization in embryos and endosperms do not proceed at the same rate nor go in the same direction during deterioration. The objective of this study was to determine which part of the wheat seed is responsible for the positive relationship between seed protein and seedling growth by using seed containing different quantities of protein due to nitrogen applications in the field.
MATERIALS AND METHODS
Standardization of Seed Material. Seed of a Mexican semidwarf wheat (Triticum aestivum L. cv. Inia 66) was obtained from a fertilizer trial conducted in Mexico during the 1970 season. Seed from each of the seven samples, from plots receiving fertilizer applications in the range of 0 to 300 kg N/ha2, were individually weighed to 40 ± 2 mg, milled, and assayed for total protein by an automated Kjeldahl procedure (7) . Ten seeds from each fertilizer treatment were sown in plastic pots containing vermiculite for growth analysis. After 10 days, stands were thinned to six seedlings per pot; at the same time 100 ml of a one-half strength Hoagland's nutrient solution (8) containing 3 mi NO3-was applied. The seedlings were grown for 21 days at 25/15 C with 16-hr daylength and a light intensity of 13.5, 9.0, 3.6 ,uw/cm2-nm in the blue, red, and far red ranges respectively. Dry weights were determined on root and shoot material.
Protein Determinations on Seed Parts. Forty seeds (40 + 2 mg) from each of the seven plots were placed in a humid atmosphere for 48 hr and then dissected into embryo, endosperm, and aleurone fractions. The aleurone fraction, when peeled off the starchy endosperm, consisted of pericarp, testa, and the actual aleurone cell layer. Dry matter and protein contents of each fraction were determined after drying at 50 C for 48 hr under vacuum. Seed Size and Protein Interactions. On the basis of the standardization experiment, seeds from the 100 and 300 kg N/ha lots were chosen for all further studies. These contained 99 and 142 mg protein/g dry weight respectively, and hereafter will be referred to as low and high protein seed.
Seeds representing low and high protein lots were weighed into three seed size ranges, 35, 40, and 45 + 2 mg, and total protein determinations were made on four random samples from within each seed lot. Remaining seed was sown in vermiculite in the manner previously described. Growing conditions were 20/10 C, 16-hr daylength with a light intensity of 19 ,w/cm2' nm in the blue range. Dry weight of shoot and root material was determined after 21 days.
Embryo Culture. Low 
RESULTS AND DISCUSSION
In the preliminary standardization experiment a high positive correlation was obtained between seedling dry weight and mg protein/g of seed (Fig. 1 ). This linear relationship accounted for 85% of the total variance. The lowest seed protein content (mg/seed) was obtained from plots receiving 100 kg N/ha. This is not an anomalous finding. Plants grown on "zero" N produced fewer flowers and tillers, resulting in a lower yield of relatively high protein seed (6) . However, with low rates of supplemental N more flowers and tillers develop but during grain-filling there is a deficiency in N, and a higher yield of low protein seeds results.
When seeds of approximately the same weight from each seed lot were separated into embryo, endosperm, and aleurone tissues, significant positive correlations of endosperm protein with seedling dry weight and aleurone protein with seedling dry weight were obtained (Table I ). The dry weights and protein contents of embryos were almost identical in each seed lot.
Seed size and protein level affected both shoot and root dry weight (Fig. 2 ). There were significant differences in seedling dry weight between all three seed sizes in the low protein lot and between the 45 mg seed and the other two sizes in the could be grown on foreign endosperms both within a barley species and between species such as barley embryos grown on wheat endosperms. Later reciprocal interspecific composite seeds were successfully made with rye, barley, wheat, and oats (17) . These studies, together with the results outlined in this paper, suggest that incompatibility of embryo and endosperm was of no consequence. The primary difficulty was the matching of the embryo and endosperm so that physical separation was minimized. When wheat seed protein content was increased by the use Embryos from low and high protein seeds grew well on a mineral nutrient medium with sucrose as the carbon source (Table II) , but added vitamins inhibited growth (data not shown). No differences in dry weight were found between plants derived from embryos of low and high protein seeds. When composite seeds were produced by transferring embryos from one endosperm to another, it was shown that the endosperm was the primary factor in determining seedling growth (Fig. 3) . Embryos from low and high protein seeds grew similarly when placed on the same endosperm type. Plants grown from intact low and high protein seeds showed the same order of dry weight differences as obtained from plants grown from composite seeds, although the former grew much faster. There was usually a gap between embryo and endosperm, and this became larger as the seedling grew. Hence, translocation of growth regulators from the embryonic axis to the endosperm and of metabolites from the endosperm to the embryo may have been restricted somewhat by the necessity for diffusion through the agar. An attempt was made to replace the endosperm by adding extracted protein and starch to small, low protein seed. However, this required milling under sterile conditions, and even with the use of antibiotics and/or fungicides sterility could not be maintained.
Brown and Morris (4) in 1890 reported that excised embryos of N fertilizer, seedlings grown from this seed were larger both in terms of dry matter accumulated, leaf length, and leaf area (11) . This was particularly true when N was limiting, and the seedling had to rely on seed storage materials. Clearly small differences in seed protein content may have a large effect on the early development of wheat seedlings. The absolute amount of endosperm protein in wheat seed bears a linear relationship to seedling growth and obviously is an important source of nutrients for the germinating embryos and the young seedlings.
